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THE DIALECTICAL ARGUMENT AGAINST ABSOLUTE 
SIMULTANEITY. II? 


2. We shall now provisionally disregard the considerations 
hitherto set down in criticism of Einstein’s argument, and assume 
that simultaneity-at-a-place and simultaneity-at-a-distance may and 
must be actually different relations, and therefore need to be defined 
in different terms. What, then, is the precise nature of the logical 
procedure in which Einstein is engaging, when he frames his defini- 
tion of the latter term? Is he arbitrarily making up a new complex 
concept ‘‘out of his own head,’’ subject to no objective requirement 
except that the result shall not be self-contradictory? Or is he as- 
suming that there is a relational concept, or category, of distant-si- 
multaneity, which is already employed by all men, and which his 
definition merely makes explicit? Our judgment of the significance 
of the ulterior argument to the relativity of such simultaneity will 
depend partly upon the answers to these questions. A proof that a 
notion of which we have all of us been habitually making use is 
what I shall call ‘‘respective’’ in its import, and therefore capable, 
without contradiction, of being both affirmed and denied of the same 
subjects of discourse, may be a highly important logical discovery ; 
but the artificial construction of a definition of a term so that the 
‘‘relativity’’ of the thing defined follows from the definition may be 
nothing more than a private—and not at all difficult—exercise of 
ingenuity, of no importance either for factual science or for 
philosophy. 

Now if we closely scrutinize Einstein’s procedure while he is 
putting together his definition of distant-simultaneity, we find, I 
think, that the definition is not quite wholly of the one kind nor 
wholly of the other, though, in his own conception of it, it is mainly 
a free or arbitrary definition—a verbal and not (as some of his 
interpreters suppose) a ‘‘real’’ proposition. In three points, two 
implied, one explicit, it is not arbitrary. It is assumed that the term 
to be defined must designate a relation between events and, of course, 
one that can conceivably subsist between them; and that this is 
something distinguishable from the purely spatial relations of dis- 
tance and direction between the events in question. These are the 
restrictions on his freedom of definition which Einstein tacitly im- 
plies ; and, of course, he expressly accepts the restrictions of the gen- 


1 Concluded from article in preceding issue, No. 23. 
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eral experimental theory of meaning. In his own words (not, pre- 
sumably, to be taken quite literally), ‘‘there is only one demand to 
be made of the definition of simultaneity, namely, that it must sup- 
ply us with an empirical decision as to whether or not the concep- 
tion that has to be defined is fulfilled.’’ ¢ 

But if these are the only antecedent limitations to one’s freedom 
of definition, in the present case, why should Einstein’s be regarded 
as the definition of distant-simultaneity, all others being spurious? 
Obviously it can not be so regarded unless he shows that his defini- 
tion is the only one which conforms, or can conform, to these require- 
ments, and specifically to the one which alone he makes explicit, viz., 
the last. But Einstein offers no reason whatever for supposing that 
no ‘‘empirical definition’’ except his own is possible; and in fact 
many others are manifestly conceivable. One such, for example, 
has been pointed out by M. André Metz in his vigorous and able de- 
fense of the theory of relativity against its critics. It would, sug- 
gests M. Metz, be an equally ‘‘empirical’’ definition ‘‘if one substi- 
tuted the term ‘sound’ for ‘light’ in the formula’’; if, that is, one 
said: ‘‘Any two distant events are simultaneous, if sound-signals 
from the points where they occur reach jointly a mid-point between 
them occupied by an observer.’’ This would assuredly seem to 
common sense, as it does to M. Metz,® a wrong definition, because the 
propagation of sound is by them supposed to be already known, in 
advance of the definition, to be not isotropic; but this objection 
arises only because both M. Metz and common sense assume an al- 
ready given ‘‘natural concept of simultaneity,’’ the fulfilment of 
which would not be shown by the joint-arrival of the signals at the 
mid-point M unless their velocities over the distances A-M and B-M 
were known to be uniform and their times of transit over these dis- 
tances therefore equal. In other words, common sense, supposing 
itself to be already well acquainted with what is meant and implied 
by ‘‘simultaneity-at-a-distanece,’’ finds therein reasons for holding 
that light-signals are at least more serviceable than sound-signals as 
means to inferring, from a given point, whether two events remote 
from that point did or did not occur simultaneously. But Einstein 
accepts no such ready-made a priori conception; his definition is, at 
this stage of his procedure, not yet reached; and it is not because he 
already knows, or can even meaningfully assume, that light is iso- 
tropic and sound is not that he defines simultaneity in terms of the 
joint-arrival of light rather than of sound-signals at the point MU. 
This he is himself careful to point out. He imagines a critic who 
raises the objection that his definition presupposes a previous knowl- 
edge of the fact that light always traverses equal distances in equal 

2 Relativity, etc., p. 27. 

8 Metz, La Relativité etc., 1923, pp. 21, 224. 
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times; that ‘‘an examination of this supposition would be possible 
only if we already had at our disposal the means of measuring 
time’’; and that it would therefore ‘‘appear as though we were 
moving here in a logical circle.’’ But Einstein replies that his 
‘‘definition assumes absolutely nothing about light. . . . That light 
requires the same time to traverse’’ the two paths ‘‘is in reality 
neither a supposition nor a hypothesis about the physical nature of 
light, but a stipulation which I can make of my own free wiil in order 
to arrive at a definition of simultaneity.’’ What this presumably 
means is that the proposition about the time required for light to 
traverse the two equal paths is verbal, not factual; the meaning of 
the term ‘‘equal-times-of-transit’’ is by arbitrary definition to be 
‘‘times-occupied-by-any-two-light-rays-in-passing-from-t w 0-points-to- 
a-midpoint-between-them.’’ In short, in order to avoid circularity 
in his definition, Einstein finds it necessary, not merely to define 
‘‘simultaneity’’ itself arbitrarily, but also to define arbitrarily one 
of the terms entering into the former definition. In a theory contain- 
ing the ‘‘stipulation’’ Einstein mentions, no question of experimental 
fact could ever arise as to whether light traverses equal distances 
with respect to a given reference-body in equal times; to ask such a 
question would imply some other sense of ‘‘equal times’’ than that 
specified in the definition of that term. This, be it incidentally re- 
marked, is a somewhat odd consequence of the attempt to arrive at 
a rigorously experimental concept of simultaneity. 

We are to understand, then, that Einstein’s definition of simul- 
taneity-at-a-distance is, and is by its author intended to be, one 
adopted ‘‘of his own free will’’—subject only to ‘‘the one demand,’’ 
or at most the three demands, already mentioned. It is arbitrary 
not only in that it rejects the conceivable ‘‘empirical’’ alternative 
mentioned by Metz, but also in that it rejects the indeterminately 
numerous other definitions which might be framed in conformity with 
these requirements. The subsequent argument to the relativity of 
simultaneity is relevant, therefore, only to the particular sense of 
simultaneity which Einstein has arbitrarily created by definition. 
It is evident that he has realized that—if ‘‘simultaneity’”’ is not an 
undefinable logical primitive, having, however, necessary or a priort 
connections with certain other concepts—the definition of it must 
inevitably be either circular or arbitrary. Of these alternatives, he 
is determined to avoid circularity, and therefore frankly accepts the 
other horn of the dilemma. It does not follow from this that the 
argument to relativity is not valid, for the defined sense of simul- 
taneity, nor yet, necessarily, that the conclusion of the argument is 
not important; but that it is important—that, indeed, it is anything 
more than tautological—requires to be shown. To this question we 
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shall shortly return. Meanwhile, the supposition of most expounders 
of the Special Theory, that Einstein has proved the relativity of 
simultaneity in general—or that his ‘‘simultaneity’’ is something 
more than a logical artefact—must manifestly be given up. 

3. The arbitrary character of the definition becomes further ap- 
parent when we note that two alternative ‘‘stipulations’’ were 
equally possible with respect to one relevant point not hitherto 
made explicit. Two events at A and B are, we are told, to be con- 
sidered simultaneous if light-signals emitted from those points at 
the instants when the events occur there reach simultaneously an 
observer midway between A and B. But when must the observer be 
midway between them? Is it sufficient that he shall have been at 
the midpoint before the light reached it, or is it required that he 
shall be stil in that position, with respect to A and B, when either 
signal (or both) shall arrive at the point of observation? Einstein’s 
answer to this is, of course, evident. The criterion of simultaneity 
or non-simultaneity is so defined by him that if the two observers 
(or their recording instruments) have been at the midpoint at a time 
previous to the arrival there of either signal, then they are both ap- 
plying the same criterion, even though one of them is no longer at 
that point. To make quite sure that there may be no mistake about 
this, let me quote Einstein’s own expression of the crucial part of the 
argument. He is using the familiar illustration of the train moving 
along a railway track, and is asking whether ‘‘two events (e.g., two 
strokes of lightning at A and B) which are simultaneous with refer- 
ence to the railway embankment are also simultaneous relative to 
the train’’; and he is to show ‘‘that the answer must be in the nega- 
tive.’? The points A and B at which the lightning strikes the em- 
bankment are assumed to ‘‘correspond to’’—which apparently 
means, to be virtually coincident with—‘‘ positions A’ and B’ on the 
train.’’ ‘‘Let M’ be the mid-point of the distance A’-B’ on the 
travelling train. Just when the flashes of lightning occur (as 
judged from the embankment), this point M’ naturally coincides 
with the point M, i.e., the mid-point on the embankment, but it moves 
towards the right with the velocity of the train. If an observer 
sitting in the position M’ in the train did not possess this velocity, he 
would remain permanently at M, and the light rays from A and B 
would reach him simultaneously, i.e., they would meet just where he 
is situated. Now in reality (considered with reference to the rail- 
way embankment) he is hastening towards the beam of light coming 
from B, whilst he is riding on ahead of the beam of light coming 
from A. Observers who take the railway train as their reference- 
body must therefore come to the conclusion that the lightning flash 
B took place earlier than the lightning flash A. We thus arrive at 
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the important result: Events which are simultaneous with reference 
to the embankment are not simultaneous, with respect to the train, 
and vice versa (relativity of simultaneity.)’’* Now this ‘‘important 
result’’ follows only if the same test of simultaneity or non-simul- 
taneity is applied by both observers, and only if it makes no differ- 
ence to the applicability of that test that the observer in the train 
has not ‘‘remained permanently at M,’’ while the observer on the 
embankment has done so. But it was not necessary to formulate the 
test—and therefore the definition—of simultaneity or its opposite in 
this way. It would have been equally possible to say: The events at 
A and B are to be considered simultaneous if the light-signals from 
them arrive together at a point which 1s midway between A and B 
at the moment of their arrival; and the separateness of the moments 
of arrival of the signals at the position of an observer who has been 
but no longer is midway between A and B is not to be considered 
evidence of the non-simultaneity of the events. 

If the criterion had been formulated in the second way, the 
‘relativity’? of simultaneity would not have followed. The ob- 
server on the train would in that case simply say: ‘‘These signals 
reach me separately ; but since I am not now midway between A and 
B, that fact does not show that the events at A and B were not 
simultaneous.’’ Not only would this alternative definition be 
equally possible, but it would obviously accord, as the other does 
not, with our ‘‘natural’’ idea of simultaneity: i.e., it would express 
the implications, with respect to events at a distance, of that 
fundamental concept which we empirically acquire through the ex- 
perience of simultaneity at a place. The only reason for pre- 
ferring the first statement of the criterion to the second is that from 
it only can the relativity of simultaneity be proved. The logical 
procedure is that of choosing arbitrarily that definition of the crucial 
term in the argument which will permit the conclusion desired to be 
drawn. 

Possibly it will be said in reply to this that the second statement 
of the criterion of simultaneity would not meet the requirement that 
a definition of that concept must ‘‘enable us to decide by experi- 
ment whether or not’’ two events, e.g., the lightning strokes, ‘‘oc- 
curred simultaneously.’’ The observer on the moving system, e.g., 
the train, must make his measurements on his own system. When 
the point M’ on that system coincided with M on the other system, 
the fact known to him was that he was midway between A’ and B’, 
the points on his system which ‘‘corresponded’’ to A and B on the 
other. And he is still, when the first signal reaches him, midway 
between A’ and B’, consequently, from his standpoint, he is still mid- 
way between the sources of the signals. But this reply would be 

4 Relativity, 1920, p. 31. 
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unconvincing. For, in the first place, it is not necessary to suppose 
that the observer on the train is unaware that he is moving rela- 
tively to the embankment in the direction A-B ; and if he is aware of 
this, he knows that if A and B were equidistant from M’ when M’ 
and M were coincident, they can no longer be equidistant from M’ 
after that point has moved from the position of M (which is still 
midway between them), towards B. He has therefore sensible 
means of determining that the requirements of the second criterion 
are not, for him, fulfilled; which means, not that he will judge the 
two events to be non-simultaneous, but that he will not (so far as 
this evidence goes) judge them to be simultaneous. If he also knows 
that the signals do arrive at M simultaneously, he will judge that the 
events were simultaneous. In the second place, if it is still insisted 
that each observer can have empirical information only about events 
on his own system, what follows is that the signals will arrive simul- 
taneously both at M and M’, and that both observes will consequently 
reach the same conclusion, namely, that the events reported by the 
signals were simultaneous. For, once more, upon the present as- 
sumption, all that the man on the train could have known when his 
point M’ in fact coincided with M was that he was midway, not be- 
tween A and B, since these were not points on his system, but between 
A’ and B’ on his system; and the lightning strokes about the simul- 
taneity of which he would have to judge would occur at A’ and 
B’, not at A and B. But signals from A’ and B’ must reach 
M’ simultaneously, since, upon the principles of relativity physics 
and the apparent evidence of the Michelson-Morley experiment, 
the velocity of light is constant over equal distances on any 
given system, irrespective of its relative motion. The conse- 
quence that both observers would judge the events about which they 
judged to be simultaneous would hold, whichever criterion of dis- 
tant-simultaneity were adopted, so long as it was assumed that each 
was judging only about events happening on his own system at 
places equidistant from a midpoint determined on that system. But 
in this case the two observers would not in fact be judging about the 
same pair of events; the one would be judging about events occur- 
ring at A and B, the other about events occurring at A’ and B’. 
Hence, if their conclusions did disagree in the case supposed (though 
they would not), the fact would have no significance, since the two 
observers would be talking about different things. Finally, the 
assumptions on these matters actually made by Einstein himself, in 
formulating his own statement of the criterion of distant-simul- 
taneity, are that the observer on the train as well as the one on the 
embankment is judging about events occurring at A and B, i.e., ati 
points on the embankment; that at a moment before the signals 
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arrived, M’ was coincident with M, and was then midway between 
A and B; that it ceased to be midway between them before any sig- 
nals reached it; and that because of this actual displacement, rela- 
tively to the embankment, the signal from A reached M’ later than 
that from B. Now these suppositions are either of an empirically 
verifiable nature or they are not. If they are not, they have no 
meaning, according to the radically experimental theory of meaning, 
and it is therefore not permissible for Einstein to use them in formu- 
lating his definition. If they are so verifiable, they may legitimately 
be used by the observer on the train, in arriving at his conclusion 
about the simultaneity of the two events. But if they may be so 
used by him, there can be no objection, from the standpoint of the 
experimental theory, to adopting the second formulation of the test 
of simultaneity and non-simultaneity instead of the first; for they 
are the only presuppositions required to make that formulation in- 
telligible and legitimate. 

4, One may go farther than this in justification of the proposed 
alternative definition of the criterion of distant-simultaneity. In 
strictness, it alone, and not Hinstein’s definition, makes it possible for 
both observers to have the same concept of simultaneity and there- 
fore to judge of the same matter. For simultaneity is to be defined 
in terms of an experimental test; and the same test is not applied 
unless the relevant experimental conditions are the same, at the time 
when the experiments are actually performed. The experiment here 
in question is that of determining the togetherness or non-together- 
ness of the arrival of the beams of light at a point equidistant from 
their sources. Now, when is this experiment performed by the ob- 
server on the train? Not, obviously, before either beam reaches 
him. But, by hypothesis, before either reaches him he is no longer 
at the same distance from the light-sources as the observer on the 
embankment. But this distance is one of the relevant experimental 
conditions. The two therefore do not perform the same experi- 
ment; and therefore they are not judging about simultaneity in the 
Same sense. If, under these circumstances, the one declares that the 
two events are simultaneous and the other that they are not, the 
discrepancy between their conclusions does not prove the relativity of 
simultaneity ; it only proves that they are talking at cross-purposes. 
The fact that two observers disagree concerning the simultaneity of 
a pair of distant events, when one of them uses as the definition or 
the criterion of that attribute the joint-arrival of light-rays at a 
point midway between their sources at the moment of their arrival, 
and the other uses as his criterion their joint-arrival at a point not: 
midway between their sources at that moment, is no more significant 
than would be a disagreement between two illiterate persons over 
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the question whether a whale is a fish, when one of them meant by 
‘*fish’? any free-swimming animal that lives in the water and the 
other meant gill-breathing and cold-blooded animals. 

5. Let us, however, assume that both observers are using the same 
criterion, and that this requires merely the initial coincidence of M 
and M'—i.e., requires that the observers be equidistant from A and B 
at a moment before the light reaches either of them. Even so, the 
conclusion drawn does not follow. For that conclusion is general— 
it asserts the relativity of simultaneity, and therefore of time-inter- 
vals, to any state of relative motion between systems. But the argu- 
ment (aside from any other difficulties) shows this only for a special 
class of cases, namely, those exemplified by Einstein’s illustration of 
the train and the embankment, in which the motion of the two sys- 
tems is parallel, or at all events not perpendicular. It is, however, 
possible to suppose that the positions of the observers at a given in- 
stant coincide at M, but that the subsequent uniform rectilinear 
movement of 8’ is along a line perpendicular to S at M. In this case, 
though S and 8S’ will be in relative motion, the two light-rays from A 
and B should (according to Hinstein’s assumptions in the present 
argument) reach the observer on 8’ jointly, and therefore he, as well 
as the observer on S, will judge them to be simultaneous. Thus, 
even if all other objections to the argument are waived, it would 
clearly be insufficient to justify the wholesale relativization of time 
which is inferred from it. 

6. It was apparently, as we have seen, in order to avoid circular- 
ity in his definition that Einstein chose the alternative of making it 
a ‘‘free’’ or arbitrary definition. Let us now ask whether he has in 
fact completely succeeded in avoiding circularity. Does he not pre- 
suppose certain meanings of both ‘‘simultaneity’’ and ‘‘time of an 
event,’’ ‘‘in order to arrive at’’ his own definitions of those terms; 
and—what is more curious—are not these tacitly presupposed mean- 
ings at variance with those in the formulation of which he employs 
them? These questions, I think, must be answered in the affirma- 
tive. For though he makes the time of transit of the light-rays 
over the paths A-M and B-M equal by ‘‘stipulation,’’ ie., by pure 
definition, the stipulation relates only to the equality and not to the 
notion of ‘‘time of transit’’ itself. That we already know what 
is meant by saying that a duration elapses during the transit of 
light over one or the other path, he seems quietly to assume; but in 
doing so, he also assumes that we are already familiar with con- 
cepts which would ordinarily be expressed by the distinction be- 
tween ‘‘simultaneity’’ and ‘‘non-simultaneity.’’ To put the matter 
in another way: in ‘‘stipulating’’ that the times of transit of light 
from A to M and from B to M shall by definition be equal, Ein- 
stein is applying the quantitative predicate of equality to something 
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which, in order to be capable of having that predicate, must be 
assumed to possess number or magnitude, and this something is, 
explicitly, ‘‘time.’’ He is, therefore, ‘‘begging’’ the idea of time- 
interval, before defining simultaneity. But the idea of time-interval 
—and still more obviously, that of motion during a time-interval— 
contains that of succession, in which is implicit the distinction be- 
tween successiveness and non-successiveness, ie., simultaneity, of 
events. And this distinction is not that between simultaneity and 
suecessiveness at a place; if it were, it would be inapplicable to the 
concept of motion, i.e., of successive occupancy of a series of in- 
creasingly distant places. It appears impossible for Einstein to 
formulate his definition of simultaneity-at-a-distance without first 
accepting both the meaningfulness and the truth of the law of the 
finite velocity of light, which itself presupposes that the meaning of 
simultaneity and non-simultaneity-at-a-distance is already known. 
His so-called ‘‘definition’’ of time is in terms of relative motion, 
which, plainly, already contains the idea of time and of the two 
characteristic types of temporal relation.® 

7. It seems evident, finally, that Einstein himself does not adhere 
to the relativistic conclusion which he has deduced in this question- 
able way from his definition, and that he can not do so without 
vitiating the rest of his argument. For, after he has ascribed to 
each moving system a ‘‘time’’ of its own, in which events simul- 
taneous on any other such systems are of differing date, he con- 
tinues to speak of periods of time during which the two systems are 
in motion with respect to each other, and during which, also, some 
determinable number of events is occurring on each. While such 
and such things are happening on S, we are told, such and such other 
things are happening on 8’. Now this sort of proposition can have 
no meaning if there is no common duration with a common measure, 
to which the motion of both systems with respect to one another, and 
the two series of events, are referred. You can not say that while S 
moves to the right S’ moves to the left, if there are in reality simply 

5 Substantially the same point has been neatly put by La Rosa in an 
article which I have come upon since writing the above. After quoting Ein- 
stein’s remark that he merely ‘‘stipulates’’ that the time of transit over the 
paths A-M and B-M shall be equal, La Rosa asks: ‘‘But how does it happen 
that this free choice finds its free manifestation only when it chooses as point 
of observation exactly the point M, midway between A and B, rather than any 
other point? Perhaps because it is more natural and convenient to suppose 
that the light takes the same time to traverse the two paths. But what sense 
can be given to the words ‘the same time’ when we do not possess the notion 
of contemporaneity indispensable for the measurement of time? And how, 
further, can it be that in the necessary choice of M as point of observation, the 
knowledge of the equal velocity of the light in the two directions is not already 
implicit? But what sense is to be given to the word ‘velocity,’ when we have 
not yet arrived at the notion of time?’’ (Scientia, Vol. 34, p. 297). 
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two distinct ‘‘whiles,’’ one definable solely with reference to S and 
the other solely with reference to S’; for in that case, you will have 
isolated the two systems so completely from one another that the re- 
lation called ‘‘motion’’ can no longer be conceived to subsist between 
them. There must, in short, be a common ‘‘while’’ between any two 
systems of which relative motion is asserted. But if there is a com- 
munity of ‘‘whiles’’ there must also be a community of ‘‘whens,’’ 
unless motion, change, and time-lapse are assumed to be discon- 
tinuous. All changes in relative position or otherwise, asserted with 
respect to S, must be in one-to-one correspondence with some events 
in 8’ ; otherwise there would be intervals during which there was mo- 
tion and time-lapse for one system, but not for the other—which 
would be a contradiction, since the motion is reciprocal and there- 
fore never predicable of the one at any instant when it is not 
predicable of the other. The assumption of this common time is not 
less necessary even if (in accordance with another portion of the 
Special Theory) the ‘‘time’’ on S’ is said to be ‘‘slower’’ or more 
**dilated,’’ than that on 8. This can only mean that, between two 
of the instants identical for both, fewer physical changes of a given 
kind—e.g., complete revolutions of the hands of a clock—occur on 
the one system than on the other. The very expression of the rela- 
tivity of clock-times is impossible without the presupposition of an 
inclusive duration of which the measure is the same for both refer- 
ence-bodies and is therefore independent of their relative motion. 
To say literally and exclusively that a given ‘‘reference-body has its 
own particular time’’ is simply to deny that it is in motion at all 
with respect to any actual external system. 

This argument of Einstein’s, then, seems to be one more example 
of a type of phenomenon familiar enough to the student of the his- 
tory of philosophy; it is another case in which the very premise 
which is unheeded and even denied may, by the attentive ear, be 
heard the while softly murmuring 


When me they fly, I am the wings. 


The whole of the Special Theory, in spite of its ostensible conclusion, 
is pervaded by the assumption that, in Whitehead’s phrase, ‘‘an 
instantaneous event is nothing else than an instantaneous and simul- 
taneous spread of the universe.’’ We arrive, in fine, by a different 
road, at the conclusion already expressed by Bergson: nous préten- 
dons que le Temps unique subsiste dans l’hypothése d’Einstein a 
état pure; il reste ce qu'il a toujours été pour le sens commun.® 
ArtTHuR O. LoveEJoy. 
JoHNS Hopkins UNIVERSITY. 


6 Durée et simultanéité, p. 33. Bergson adds that the same is true of 
**)’étendue indépendante de la durée,’’ a matter with which the present paper 
is not concerned. 
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THE ADJECTIVAL THEORY OF MATTER 


HITEHEAD and Russell have advanced theories of nature in 
which matter is described as essentially qualitative. The 
description applies to molecular and atomic processes as well as to 
those properties that are immediately observed. Physical entities 
are defined as adjectives of events. Whereas the description readily 
applies to immediately observed objects, the question at once arises 
as to what could be understood by its application to unobserved proc- 
esses. 

The answer to this question to be considered by this paper is the 
one derived from the special and general theories of relativity. 
There are problems connected with the special and general theories 
as descriptions of actual physical conditions, which these theories do 
not themselves solve. To these problems the adjectival theory of 
matter bears a direct relation. These problems are first, the defini- 
tion of physical motion, particularly kinetic atomic processes; sec- 
ondly, the relation between metrical properties of the geometrical 
continuum and matter in the general theory. The relativity of eo- 
drdinates and the relation between the geometry of the continuum 
and physical properties leave motion, as a property inseparable from 
atomic theory, untouched. It is the question of atomic motion that 
reappears. 

The theories that Russell and Whitehead provide as answers to 
these problems possess definite physical results. They involve the 
rejection of the kinetic-atomic theory of physical process, and the 
physical significance of the special and general theories, so that the 
law of gravitation of Einstein can not be a description of actual 
physical conditions. 

In the following discussion three main points may accordingly 
be noted. First, the definitions of motion and the relation to 
kinetic-atomie processes in the special theory and general theory, 
secondly, the principles of the adjectival theory of matter dealing 
with the questions of atomic motion, and, lastly, the basis for re- 
taining the special and general theories. 


I 


The definitions of the special theory are based on the physical 
principles of Newtonian mechanics. Motion for non-accelerated 
bodies is a relation of masses. Whereas on the principle of rela- 
tivity in classical mechanies there is no physical condition for re- 
ferring such motion to space, absolute spatial and temporal codrdi- 
nates existed in theory for such motion. Physical motion could al- 
ways in the last analysis be referred to space. With the removal of 
privileged coérdinates by the physical definition of space and time 
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in the special theory it follows that there is no meaning to physical 
motion referred to space; it is essentially a relation of masses. 
Space and time are relations between physical objects and uniform 
motion appears as a function of space and time codrdinates attached 
to such objects. If space and time are relations among physical ob- 
jects geometrical codrdinates must be defined in physical terms. 
Also, what is equally important, the relativity of these codrdinates, 
position and simultaneity, must depend upon the relations of phy- 
sical objects. 

This is quite plain. But it also follows that if there are no 
coordinates apart from physical objects, the laws of geometry de- 
scribing physical conditions from Galilean frames are the laws of the 
relations of bodies at relative rest. Physical laws describing electro- 
magnetic as well as molar phenomena, are then expressible in terms 
of the geometrical codrdinates of these systems. 

If the geometrical codrdinates of space and time and the laws of 
geometry are the relations of physical masses, space and time should 
be defined in physical terms. In the special theory space and time 
are defined physically by measuring rods and clocks located on such 
masses at rest with respect to each other. The simultaneity of 
spatially separated events for the same frame is given by syn- 
chronized clocks. To give these temporal relations a physical mean- 
ing, the synchronization of clocks in turn is defined in terms of the 
equality of ‘‘time’’ taken by a light ray to pass from one clock to 
the other and return. The details of these definitions are unimpor- 
tant here; the only factor to be noticed is that the velocity of light 
plays no part, but only the physical fact that the velocity is constant 
in vacuo. If the actual velocity of light were a factor, temporal 
coordinates would already have been intreduced. Light is only a 
physical constant of motion, whose character is exactly known. 

It is clear that the principles and definitions of the special theory 
apply directly only to molar masses. The relativity of space and 
time coordinates and their definition in terms of measurement take 
into account primarily the physical conditions of immediately ob- 
served masses. 

Empirical evidence, however, that can not be ignored, indicates 
the existence of kinetic-atomic properties, exemplified by the mo- 
tions of molecules, atoms, and electrons. The classic instance is 
found in the Brownian movement.’ On a consistent application of 
the principle of relativity these physical processes must be defined 
as the relations of the moving particles. They will then appear as 
functions of coordinates referred to the particles. They are thus 
defined as relative. The codrdinates of molar bodies will not logic- 
ally serve to define this property. The knowledge concerning the 


1 Perrin ‘‘ Atoms.’? 
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nature of matter indicates that they are independent of the existence 
of such masses. If a distinction such as that of Lorentz, between 
macroscopic and microscopic properties, is significant, reasoning 
forces one to regard the properties of the former as dependent upon 
those of the latter. 

In practice, and even in theory, kinetic-atomic processes are still 
referred to space, independent of any relations of physical objects.? 
This procedure is, however, inconsistent with the special theory, al- 
though the transformation equations of the latter continue to be 
employed. But the presence of such equations can be legitimate 
only if spatial codrdinates are relative. The appearance of space 
as a referent amounts to a revival of codrdinates and laws of geom- 
etry independent of physical objects, that is, to absolute space and 
time. 

Now the reasons that kinetic-atomic processes are still defined 
in this manner deserve attention. The reason is that the kinetic- 
atomic theory of these processes can not be deduced from the defini- 
tions and principle of relative motion in the special theory. If the 
former are retained, conditions inconsistent with those imposed by 
the latter then appear. The kinetic-atomic theory as a description 
of actual conditions describes a physical property that is independ- 
ent of a choice of reference systems. These conditions are not then 
essentially definable in terms involving a choice of such systems. 
This situation unavoidably exists if the following conditions hold. 
The theory requires that kinetic-atomic properties of matter are 
integral factors in physical changes. This means that atomic mo- 
tion is physically important, as, for example, in the evolution and 
processes of stellar bodies. This will not be the case if they depend 
upon an arbitrary choice of axes, since, in principle, what is motion 
can equally well be defined as rest. Also, if matter is intrinsically 
kinematic, a condition inseparable from atomic theory itself, phy- 
sical motion occurs throughout physical nature apart from axes re- 
ferred to any physical body. There are no other axes. These con- 
ditions can not, however, be derived from the definition of these proc- 
esses in terms of reference systems, and space and time codrdinates 
supplied by special theory. The special theory and the meaning for 
coordinates that it provides are, on the other hand, based on clear 
and precise physical considerations. 

If empirical evidence, such as the work of Perrin and Ein- 
stein, indicates the validity of the kinetic-atomic theory, an unsatis- 
factory state of affairs thus arises.* This is increased by the fact 
that the physical basis of relativity in the special theory includes 
Such processes. Physical bodies and their motions are among the 


2Cf. Jeans’s Astronomy and Cosmogony, pp. 107-113. 
8 Cf. Meyerson, La Déduction Relativiste, pp. 61-62. 
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primary facts. The definition of such properties in terms of rela- 
tive spatial codrdinates does not provide the kinetic-atomic theory, 
and their definition in terms of space itself is inconsistent with the 
special theory. 


II 
1 


The above situation is employed by Russell as evidence for the 
adjectival theory of matter. The evidence is derived from quantum 
theory. If the periodic processes usually appearing in quantum 
theory involve relative motion, the processes depend upon the choice 
of certain axes. But the emission and absorption of light by an 
atom do not seem to depend upon systems of reference. Accordingly, 
Russell defines periodicity as a series of qualities of events. The 
serial structure of events, which with respect to coordinates would be 
an orbit of motion, provides the determinate meaning for periodicity. 
The formal structure of events may be expressed as a physical law, 
and the law, for codrdinates, may be interpreted as the law of motion. 
It is plain that the intrinsic structure and the qualities of events are 
not codrdinate properties. If the argument is valid, it must hold 
universally, applying to all physical processes. Events and their 
structures, rather than physical motion, are the conditions of physical 
changes. 

It is, however, also clear that this result involves the rejection of 
the physical validity of the special and general theories. The geom- 
etry of the continuum is not defined by actual physical conditions. 
This appears obvious with regard to the general theory. This result 
also indicates that the validity of the kinetic-atomic theory of 
physical processes is implicated in the physical basis of the latter. 
The law of gravitation and a variable Riemannian metric is not, 
according to Russell, a description of a physical state of affairs. The 
general theory must accordingly be rejected or retained only as a 
logical and mathematically convenient system. Russell accepts the 
second alternative.® 


2 


A consideration of the relation of the special and general theories 
will aid in establishing this point. It will also lead to the theory of 
Whitehead. 

If the principle of relativity is to be generalized so that physical 
laws are to be invariant for non-Galilean as well as Galilean systems, 
space and time must lose the immediate physical significance awarded 
them in the special theory. The appearance of a non-Euclidean 
geometry here is not a matter of simplicity or convenience. 


4 Russell, The Analysis of Matter, pp. 344, 348, 359. 
5 The Analysis of Matter, pp. 29-80. 
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The laws of geometry in the special theory prescribe a uniform 
metric. The situation is not accidental. It is the consequence of 
two conditions. There is the principle of the uniformity of motion 
for Galilean frames. The laws of the geometry of codrdinates of 
these systems prescribe a uniform metric. The metric will be in- 
variant for any system. This uniformity may also be derived from 
the definition of space and time codrdinates. If space and time re- 
lations are defined in terms of physical measurement the spatio- 
temporal differences of the codrdinates of any two systems will also 
be expressed by measurement. Physically they will be defined by 
measuring rods and clocks located in either system. Since measure- 
ment involves a metric, this expression of codrdinate differences in- 
volves uniformity. It postulates that the geometrical structure is 
independent of the particular relations of any two Galilean systems. 
Only the measured lengths vary. 

A Euclidean uniformity does not, however, hold for the codrdi- 
nate differences of stationary and rotating systems. If non-inert 
systems are admitted, a non-Euclidean metric must also be admitted® 
From this situation it follows that the geometrical laws describing 
the relations of objects lose the direct physical significance found in 
measurement. Space and time lose their direct objectivity. 

These deductions can not be avoided. If, on the other hand, the 
principles from which they follow here are to be retained, other 
physical conditions than the relations of measuring rods and clocks 
must define the actual geometry of the continuum. The geometrical 
character should give the laws of moving bodies, the behavior of 
bodies as moving in fields of force. 

The fact of the equivalence of inertial and gravitational masses 
indicates the new physical basis required. The postulate of the 
physical equivalence of inertial and accelerated systems suggests that 
the presence of a non-Euclidean metric relative to a system, as in 
the case of a rotating system, may be taken physically as the pres- 
ence of a gravitational field relative to the system. The geometry of 
the codrdinates of the system will then be related to the deviations 
of the motions, at points of space and time, of bodies from uniformity 
relative to the system. The existence of inertial forces of every 
character is, accordingly, not the consequence of absolute accelera- 
tions, but the relations and distributions of masses. Thus the Jaws 
of geometry describing the behavior of physical masses for any 
System do not exist independently of actual physical conditions. 
The relativity of codrdinates in the special theory has been carried 

6 This is only the simple fact that measurements made from a rotating 
system will be subject to the transformation equations in the direction of rota- 


tion. The relation between the diameter and circumference of a circle does 
not obey the rules of Euclidean geometry. 
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still further. The metrical character of codrdinates for any refer- 
ence system is determined by physical entities. 

If the relation between the laws of geometry and the physical 
motions of bodies is to be determinate, a precise relation must exist 
between the physical quantities defining a physical field and the 
geometrical quantities defining a metrical field for a reference sys- 
tem. And what is equally plain, if the physical laws of moving 
matter are to escape the particular conditions of measurement im- 
posed by a coordinate system, the relation between the geometrical 
and physical quantities must be defined independently of any refer- 
ence system. They will then be invariant for any transformation of 
coordinates. Any physical system will be equally valid for describ- 
ing physical conditions. 

Whereas for Galilean coérdinate systems, the law of the behavior 
of bodies was the law of uniform motion for any change of Galilean 
systems, for systems moving arbitrarily with respect to each other, 
the law becomes that, for any systems, bodies move in geodetic lines. 
All laws of motion thus appear as a generalized law of inertia, ob- 
taining for any reference system. It follows that Euclidean geom- 
etry, which restricted the law to bodies at relative rest or moving 
uniformly, must also be generalized. The generalization should ap- 
ply to the motions of bodies for any arbitrary system. Only on this 
basis does it follow that there are no inertial masses relative to space, 
but only relative to each other. The geometrical procedure of the 
general theory is too well known to be repeated. There are, how- 
ever, certain salient points that must be mentioned. The g’s of 
Gaussian codrdinates are the geometrical components whose specific 
values, varying continuously from point to point, determine the 
measured values with respect to the codrdinates. They define the 
kind of a geometry that appears, without which measurement is im- 
possible. Thus no geometry is possible without the determination 
of the g’s at every point, ie., there can be no codrdinates apart from 
their specific values. It is then these g’s of a codrdinate system 
which will possess a physical basis, related to the physical conditions 
for that system. Laws defining the values of the g’s, and accord- 
ingly the metric for the system, will be the laws of the motions of 
bodies relative to the system. Geometry and physics are thus 
merged, merged through the fact that the actual values of the geo- 
metrical variables are defined by actual physical conditions, these in 
turn determining the behavior of bodies. The values of the g’s at 
every point may be taken as the gravitational potentials of the 
physical field at every point as measured with respect to that system. 
The relation between the potentials and the geometry thus reduces to 
an identity. The measuring relations of the codrdinates are the phy- 
sical field relative to the system. 
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Since the geometrical components may vary with a change of co- 
drdinate systems, to be invariant general physical laws must assume 
a form independent of the specific values of the g’s. The law of 
motion must accordingly be defined independently of these values, 
that is, of the conditions of any reference system. The g’s of Gaus- 
sian codrdinates form the components of a metrical tensor. In a 
four-dimensional continuum this tensor possesses ten components, 
so that there are values of ten g’s at every point required to deter- 
mine measuring relations. By purely mathematical procedure, from 
this tensor, another tensor, a curvature tensor, may be derived. 
This second tensor is completely independent of any codrdinate sys- 
tem ; as a scalor quantity, it will therefore be invariant for any trans- 
formation of codrdinates, that is, for any variation of the g’s. 

If the values of the components of a metric are defined by phy- 
sical properties, there must be ten physical components defining a 
physical field for any system. There is the physical tensor or mat- 
ter-energy, which possesses ten separate components. These com- 
ponents determine, for any system, such physical quantities as den- 
sity, stress, momentum, and kinetic energy. They therefore are the 
physical quantities determining a gravitational field for the system. 
The physical tensor is also independent of codrdinate systems. 
Whereas the Newtonian law of gravitation possessed only one com- 
ponent, the new law of gravitation possesses ten; and gives a more 
complete description of a gravitational field. 

The essence of the general theory consists accordingly in estab- 
lishing a relation between these two tensors. Since the tensors are 
independent of codrdinates, the law of motion then assumes a form 
invariant for any transformation of codrdinates and for systems of 
reference moving arbitrarily with respect to each other. The law of 
motion is the equation expressing the identity of the curvature tensor 
and matter tensor at every point. The equation is the equation for 
geodesics of moving bodies; and by defining them independently of 
any system, it determines them for any transformation of codrdi- 
nates. Thus what physically is the transition from one reference 
system to another moving arbitrarily with respect to each other, ap- 
pears geometrically as a transition from one Gaussian codrdinate sys- 
ten to some other Gaussian system. 

As the law of gravitation, however, the equation states that ‘‘the 
metrical character (curvature) of the four dimensional space-time 
continuum is defined at every point by the matter at that point and 
the state of that matter.’’?7 The motions of masses and their attend- 
ant physical effects are determined by the actual distribution and 
State of matter in the universe. 


7 Einstein, The Principle of Relativity, p. 183. 
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The special theory with Euclidean coérdinates appears as a spe- 
cial case. For a system of reference with respect to which the phy- 
sical components vanish, the g’s become constant. Motion accord- 
ingly becomes uniform, and the transformation of codrdinates occurs 
according to the rules of the special theory. These conditions can 
not, however, be obtained by any transformation, since the deviation 
of motion from uniformity is determined by conditions independent 
of codrdinates. And in the general theory, as in the special, since 
there are no measuring relations apart from specific values of the 
g’s for a given system of reference, there is no meaning to codrdi- 
nates except those referred to physical objects. 


3 


At this point two considerations of particular importance may 
be noted. The first is that the motion of matter is not the relation 
of bodies to space-time. This conclusion depends upon the fact that 
a consistent application of the principle of relativity defines motion 
as a relation of physical objects. It is not space-time, but physical 
masses that determine the motion of bodies. In other words, there 
are no inertial forces relative to a continuum, but only relative to 
each other. The law of gravitation as the definition of space-time 
in terms of matter is the law of these relations in a form invariant 
for any system. World-lines or geodesics of moving bodies defined 
independently of any system are accordingly only relations of phy- 
sical objects, not independent existences as spatial paths in New- 
tonian absolute space. They are not physical entities exercising 
physical effects. It is a necessary consequence of the special and 
general theories that the continuum considered in itself is not a phy- 
sical existent. This result emerges clearly if one considers its geo- 
metrical character. Geodesics as measured paths of moving bodies 
are relative, like the specific values determining the measuring rela- 
tions. As metrical elements they are inherent in codrdinates. And 
it is plain that if motion is defined as the relation of physical ob- 
jects, there is no physical meaning to a geometrical path, independ- 
ent of specific codrdinates, that is not a relation of physical entities. 
The continuum is neither intrinsically Riemannian or Euclidean, 
but as a metrical continuum it is relative in the same sense as the 
gravitational potentials are relative. What Einstein perceived was 
that the Newtonian law of gravitation was in a physical sense rela- 
tive, that is, it has no meaning apart from the relation of masses to 
each other. The difficulty was that this physical relativity was 
stated in terms of an absolute geometry. 

These considerations possess a direct bearing on the point made 
in the special theory. The question of kinetic-atomic processes re- 
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mains here as in the former. They can not be defined with respect 
to space-time any more than with respect to space. They are the 
relations of physical entities, where there is no meaning to codrdi- 
nates except those referred to physical masses. This emerges more 
clearly in the general than in the special theory, since the geometry of 
the codrdinates, as well as position and simultaneity, are functions of 
physical relations. 

This leads to the second consideration, the objection of Whitehead 
to the general theory. The objection that Whitehead brings against 
the general theory is that it provides no foundations for measure- 
ment. If the general theory is valid, the laws of geometry pre- 
scribing the conditions for measurement depend upon variable prop- 
erties. The actual metric will vary with a change of reference sys- 
tem, and might vary even for the same system. The essential point 
of the objection is clear. The metric for any reference system is de- 
termined by actual physical conditions and not by any given in- 
trinsic laws of geometry. Physical measurement, however, involves 
rules of measurement. Otherwise there is no foundation for dis- 
tinguishing between ‘‘exact’’ and ‘‘inexact’’ measurements, and for 
correcting practical errors. Where the metrical structure is de- 
fined by variable conditions, there is no means of determining the 
geometry for a frame without presupposed measurements. This sit- 
uation arises where in theory all physical properties are defined as 
functions of codrdinates. To meet the requirement, the theory of 
Whitehead contains a systematic and uniform geometry independent 
of actual physical objects.2 The existing structure of space-time is 
independent of matter. 

Whitehead’s objection corresponds to an actual situation. In 
practice the laws of direct measurement employed are Euclidean 
rather than those of a variable metric identifiable with a physical 
field. This is the situation in astronomy and in the majority of 
physical observations. Obviously these rules are not prescribed 
by the general theory. What is required is rules of exact measure- 
ment which are not in principle subject to variation or defined by 
variable physical properties. Their application in immediate ob- 
servation does not reveal discrepancies capable of rendering them 
obviously impossible. Moreover, as Whitehead states, the appli- 
cation of the laws of a uniform geometry must be based on some 
property in direct observation, where measurement occurs. 

One other point, however, must be noticed. The general theory 
does not necessarily involve a fatal logical circle. The situation is 
this: given the physical conditions independent of the codrdinates 
of any system and the metrical field for that system is also given. 


8 Whitehead, The Principle of Relativity, pp. 58-59. Process and Reality, 
pp. 506-507. 
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The actual motions of physical masses are among the primary data. 
The fact that the physical conditions can be determined only by 
measurement from a system does not require that the rules em- 
ployed in measurement be the metrical structure describing the 
motions of bodies. All that is physically required to render meas- 
urement possible is a uniformity, not the laws of a particular metric. 
Such an approximate uniformity is supplied by the immediately 
observed conditions under which direct measurement occurs. The 
question of measurement, however, is too complicated a matter to 
be treated in detail here. 


III 


The theory advanced by Whitehead is an alternative to the spe- 
cial and general theories of relativity. As an alternative it defines 
motion with respect to space, preserving an important function 
of space in Newtonian mechanics. Physical motion and its phys- 
ical effects are not the relation of objects, but the relations of bodies 
to space. The definition accordingly involves another basis for 
relativity. If motion is relative, as a change of position it involves 
a meaning for relativity of position independent of the relations of 
objects. Because motion may be defined in this manner the theory 
provides the usual account of kinetic-atomic processes. 

These processes, as is usually supposed, occur in space which is 
independent of moving particles, and not with respect to codrdi- 
nates necessarily referred to physical objects. There is therefore a 
meaning for atomic motion throughout the whole of physical na- 
ture independent of any choice of physical objects. An important 
condition of the atomic theory is thereby fulfilled. And what is 
equally important, since all motion is defined with reference to 
space, the inertial effects of rotation involve an interpretation dif- 
ferent from that provided by the general theory. The effects de- 
fining the presence of rotation will refer to certain spatial axes, 
not to the actual relations of the rotating body to the distribution 
and motions of other masses.®° If physical motion is essentially a 
relation to space, the law of gravitation must assume a new form. 
And this fact again indicates that the physical meaning for atomic 
motion is closely integrated into the special and general theories. 

The deviation of such a theory as that of Whitehead from 
the physical relativity of Einstein clearly emerges in another con- 
nection. In order that physical motion be relative there must be 
a physical meaning for position independent of the relations of 
physical objects. This means ultimately that the geometry of the 
continuum is independent of physical entities. The formal prop- 
erties of the relations of objects and the behavior of bodies will not 


9 Whitehead, The Principle of Relativity, pp. 87-88. 
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define the formal geometrical relations. It is in this manner that 
the theory of Whitehead meets the objection to the basis provided 
for measurement in the general theory. A geometry of measure- 
ment involved in determining physical conditions is defined inde- 
pendently of these conditions.*° It is, on the other hand, neces- 
sary that the law of gravitation of Einstein must be rejected. 
There are no variable conditions from which to derive a variable 
geometry imposed by the law of Einstein. If space-time is inde- 
pendent of variable physical conditions, geometrical uniformity 
would appear to be essential. When one considers that the geo- 
metrical structure is a purely formal structure, it is perceived that 
a variability of this structure postulates a variation of the external 
conditions. In itself it is only the formal properties of a set of 
relations and these are not intrinsically variable. Therefore, if 
Whitehead’s theory is valid, the law of gravitation can not appear 
as a generalized law of inertia, and the equation for physical mo- 
tion will not be the equation for geodesics. 

If the consequences of absolute space and time codrdinates are 
to be avoided, all motion must be relative. The kinetic-atomic 
theory of physical processes can not, accordingly, be valid. The 
dynamical character of matter is not an intrinsic condition of 
physical changes, since this property as a physical occurrence must 
be defined with respect to certain spatial codrdinates.*: Thus, if space 
is legitimately to serve as the referent for motion, the kinetic-atomic 
theory must be rejected. The difficulty regarding the use of space 
has always been that space, as a geometrical field, was always taken 
as a physical existent. But inasmuch as a pure geometry is only 
the formal properties of relations, either these properties are those 
of relations of physical masses or some other non-geometrical phys- 
ical object. If the former obtains, then the geometrical laws de- 
scribe the relations of moving bodies, the general theory of Hin- 
stein results, and there is no physical meaning of motion in terms 
of space. If the latter is the case, a theory such as that of White- 
head follows, and physical properties, such as motion, lose their 
importance for a geometry describing physical conditions. In 
other words, motion has lost its physical significance, and the 
kinetic-atomie theory its ultimate validity. 

The physical importance of the adjectival theory of matter here 
appears. That matter is adjectival or qualitative evidently means 

10 This appears in another manner. If space-time is independent of 
matter, molecular as well as molar phenomena, the metrical character may be 
given in direct experience. It may appear in direct measurement, so that there 
exists a direct and verifiable meaning for the geometry involved, say, in the 
determination of astronomical distances. 


11 There is also the additional fact, quite important, that the relativity of 
codrdinates is independent of physical motion. 
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that the structure of space-time is independent of physical proper- 
ties, ie., the relative motion of physical objects. It is in this re- 
spect that molecules and atoms are like immediately observed 
sense qualities, as, in some sense, they must be, if their description 
possesses meaning. They must be definably like particular colors 
and sounds. The identity consists in the relation which matter 
and sense qualities bear to the actual measuring relations. It is 
an apparent fact, and the basis of all measurements and codrdi- 
nate descriptions, that the metrical laws of space and time rela- 
tions of sense qualities are independent of the intrinsic qualitative 
nature of these terms. It is this fact to which the physicist ap- 
peals in the employment of rules of measurement not given by the 
general theory.!* As obvious and simple as the fact appears to be, 
it appears to compose the essential meaning of an adjectival theory 
of matter. 
IV 


The objection to Whitehead’s theory, apart from the fact that 
it requires the rejection of the general theory, is that codrdinate 
systems in practice as well as in theory are physical objects. Phys- 
ical measurements are made with physical instruments from molar 
bodies. This is one important reason why space and time are re- 
lations among physical objects. The relativity of measurements 
then involves the physical states of these systems. In Whitehead’s 
theory, codrdinate systems must be different ‘‘spaces,’’ giving the 
independent physical meaning to the relativity of position, and 
the physical laws must, therefore, assume a form invariant for dif- 
ferent spaces, rather than physical states. Without entering into 
the great merit of Whitehead’s theory and definition of different 
spaces, which provide codrdinates, an important objection that ap- 
pears here is precisely that urged against Newtonian absolute 
space. Whether a body is moving or at relative rest and the phys- 
ical effects accompanying such states, can only be ascertained by 
observation or measurement from physical objects, not from the 
relation of a physical object to a ‘‘space.’’ Codrdinate systems 
in practice involve physical objects, rather than spaces, a condi- 
tion that appears to be unaccountable if motion necessarily en- 
tailed a physical meaning for position independent of such enti- 
ties. This consideration appears to be as primary as, for example, 
the fact that in the determination of actual physical conditions 
by direct measurement, geometrical laws are employed which, in 
theory, are independent of these conditions. If codrdinate sys- 

12 This is one important physical fact that makes measurement possible. 
Yet it also raises the question as to the relations of physical objects that pro- 


vide the formal properties of the geometrical relations. The formal structures 
of sense qualities do not appear to be sufficient for physical measurement. 
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tems are physical entities with assignable physical states, this means 
that the relativity of position, and hence codrdinates, as a physical 
condition divorced from physical masses and their relations, will 
not ultimately serve. 

On the other hand, if the special and general theories are re- 
garded as descriptions of physical conditions, as the above situa- 
tion requires, the problem concerning the kinetic-atomic processes 
remain. They can not consistently be referred to space. The 
kinetic-atomic theory also involves physical motion independent 
of a choice of system of reference, since it can not be derived from 
definitions in terms of such systems. There is only one conclusion 
consistent with this result. Kinetic-atomic processes are not essen- 
tially functions of space and time coordinates, ie., they are not 
relative properties. The processes are changes of relations among 
physical constituents independent of any reference system. The 
principle of relativity applies fundamentally only to the molar 
level. 

The result is entirely consistent with the fact that there are no 
privileged codrdinates, and that any system of reference is equally 
valid for describing physical conditions. And it does not affect 
codrdinate descriptions. The motion of a particle can always be 
measured by a suitable choice of codrdinates. It must also be the 
case that any motion that is not essentially a function of codrdi- 
nates will not appear for a selected system, since the relativity of 
coordinates removes the possibility of this appearance. This, how- 
ever, is a principle entirely different from that which states that 
all physical properties are essentially definable only as directly 
measured or directly measurable properties, that is, with respect 
to coordinates of reference systems. 

The latter is by no means certain. It does not appear in sta- 
tistical and probability calculations, where the results do not in- 
volve the codrdinate descriptions of the elements of a group. It 
also does not necessarily appear in such a theory of quanta as that 
of Heisenberg. It is not that of the general theory, and its rejec- 
tion is required to meet Whitehead’s objection to the circular defi- 
nition present in rendering the metrical character of space-time 
dependent on matter. The laws of a particular geometry of meas- 
urement must otherwise be regarded as the prior fact. In other 
words, the mechanics of Descartes, rather than Galileo and New- 
ton, would be final. The special and general theories are develop- 
ments of the latter, for the essential point of the theories of rela- 
tivity is that the behavior of bodies is defined in physical, not geo- 
metrical, terms. 


Whereas, the above conclusion concerning atomic motion af- 
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fects nothing in practice or method, it possesses definite physical 
consequences. The general theory and a variable metric need not 
be rejected or regarded as only logically convenient. It possesses, 
for instance, all the physical consequences following from the gen- 
eral theory. And, finally, the kinetic-atomic theory remains valid, 
a condition, to repeat, which has been inseparable from atomic 
theory itself. 
F. P. Hosxyn. 


Yate UNIVERSITY. 





BOOK REVIEWS 


Les Théories de l’Induction et de l’Expérimentation. Anpri La- 
LANDE. Paris: Boivin & Cie. 1929. Pp. vi-+ 287. 


This contribution to the neglected history of logic by the scholarly 
editor of the Vocabulaire technique et critique de la philosophie will 
be welcomed by students especially interested in tracing the develop- 
ment of experimental and inductive methods in the philosophy of 
science. 

The experimental method has been treated in the past by writers 
of three sorts: (1) scientists primarily like Archimedes, Da Vinci, 
Galileo, Huyghens, Newton, Hooke, Herschel, Mach, Claude Bernard; 
(2) scientists who were also philosophers reflective over their tech- 
nique, e.g., Descartes, Pascal, Boyle, Leibniz, C. 8. Peirce; (3) 
philosophers primarily who ventured theories on scientific method, 
e.g., Plato, Francis Bacon, Hobbes, Hume, Kant, Reid, Whewell, 
Comte, J. S. Mill. Lalande’s own work would fall in the last class. 

Besides the discussion of historical theories of experimentation 
which occupies two-thirds of Lalande’s lectures as they were given 
in 1921-22, the last third of the book is concerned with the logical 
principles and metaphysical foundations of induction, including an 
appendix treating of contributions since 1921 by Brunschvicg, 
Lachelier, J. M. Keynes, Nicod’s criticisms of Keynes, Dorolle, and 
Bachelard. 

The great number of authors cited—not all of whom have been 
given above—shows the author’s encyclopedic mastery of the docu- 
ments. One may question M. Lalande’s defence of Bacon’s theory 
of inductio per enumerationem simplicem, but one can not accuse 
M. Lalande of not being thoroughly familiar with the texts of 
Bacon and of his adversaries. 

Other main points discussed are: (1) Aristotle’s meaning of in- 
duction (éraywyy) as the passage from the particular to the gen- 
eral. (2) The imseparability of deduction from induction (p. 
13 ff.). (3) The rise of the modern experimental tradition from 
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the ancient practises of mechanical crafts, magic, alchemy, and 
astrology, and its rapid growth after the invention of printing. 
(4) The strife between the British nominalistic tradition and the 
protagonists of the ‘‘hypothetico-deductive’’ method receives en- 
lightening historical consideration especially with respect to the 
mutual interrelationships of the conventionally separated ‘‘em- 
pirical’’ and ‘‘rationalistic’’ philosophies. Newton’s actual use of 
general hypotheses, Descartes’ experimental anatomies, Francis 
Bacon’s, Hobbes’, and Boyle’s high regard for mathematics (as well 
as Spinoza’s physical experiments—not mentioned by Lalande—), 
are illustrations in point. (5) Whewell’s Kantian theories are in- 
voked as important neglected contributions to the logic of induction. 
(6) John Stuart Mill’s Canons are criticized again for their inade- 
quacy as forms of demonstration; also for their restriction of in- 
duction to causal sequence. In support of this latter fundamental 
criticism, Lalande goes back to Bacon’s theory of forms. The re- 
viewer thinks he could have done better to refer to Plato and 
Spinoza, not only incidentally but with greater analysis. 

In general, M. Lalande’s objective faithfulness to his texts makes 
him offer only a short reiterated statement of his own analysis con- 
cerning the three-fold assimilation of (1) things to things, (2) 
minds to minds, (3) things to minds. In this suggestive but not 
elaborated view, all of three major schools of modern philosophy 
seem to merge, viz., the realists, idealists, and pragmatists, re- 
spectively. Further examination of the full implications of these 
types of logical theory seems to be called for. For instance, M. 
Lalande seems to favor the modern treatment of induction (since 
Hume) as a calculus of probabilities without considering the idealis- 
tic analysis (cf. Bradley on Modality in his Logic and Cassirer on 
The Problem of Induction, ch. V. of Substance and Function) which 
subordinates the calculus of probability to insight into the more 
general epistemic conditions that determine the form of particular 
truths. 


Pump PAuLt WIENER. 
UNIVERSITY oF SOUTHERN CALIFORNIA. 


Die Seele und das Ich im homerischen Epos. J. B6ume. Leipzig: 
Berlin: B. G. Teubner. 1929. vi-+ 132 pp. 


Since Rohde’s epoch-making book the current idea among 
Philologists was that the Homeric conception of the afterlife in- 
volved the notion of an individual soul which is supposed to be 
connected with the body during life and lives on freely after death 
in Hades. A thorough investigation mainly from a philological 
point of view brought some scholars to a quite different conclu- 
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sion. According to W. F. Otto and to Professor Bickel the 
Homeric soul has no individuality of its own. Properly speaking 
it is nothing else than life itself or a kind of vital energy. Ac- 
cording to these modern scholars what Rohde and his followers 
considered as the Homeric ‘‘soul’’ is, strictly considered, a ghost, a 
Totengeist. 

Dr. Bohme’s book is an endeavor to find a solution of this 
problem. He takes it from another point of view which is to me 
the only right one: he tries to determine the meaning of the words 
used in the Homeric poems for the psychic activities which usually 
go under the word ‘‘soul.’’ The whole book is nothing less than a 
very careful inquiry into the meaning of a number of well-known 
words like ¢péves, pévos, Oupds, ete. 

This inquiry leads the author to the conclusion that the cur- 
rent idea that the Homeric words are derived from names of 
organs is wrong, or at least inadequate: ppéves, xpadin, xjp no doubt 
point to some organs, but, conversely, Ovpés, pévos, voos never had 
any connection with parts of the human body. Consequently it 
is impossible to explain these words with materialistic derivations, 
notwithstanding that bodily and spiritual life are to Homer closely 
connected. Moreover some of these words involve the idea of the 
self (véos), but other words, especially ppéves, seem to point only 
to a kind of instrument of the self. Other words like xpadiy, «jp, 
jrop mean both the self and the instrument of the self. Sometimes 
the Homeric language seems to allude to a psychic power differen- 
tiated from the self which rules over the self. 

The conclusion of Dr. Bohme’s inquiry is that there is no idea 
of the oneness of the soul in the Homeric poems. The large num- 
ber itself of psychological terms makes it clear that to Homer the 
human soul appeared like a number of differentiated and often 
opposite activities, without forming a whole. There are, in other 
words, many souls, each corresponding to a particular complex of 
emotions. From this point of view the Homeric ideas are per- 
fectly in line with the mentality of primitive tribes. In fact 
psychic pluralism is one of the most interesting features of primi- 
tive mentality. 

In my judgment this book is one of the most intelligent contri- 
butions to the knowledge of early Greek mentality and of its primi- 
tive content. 

V. MaccuHioro. 


UNIVERSITY OF VIRGINIA. 
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ogy and the Philosophy of Nature: O. L. Reiser. Samuel Sorbiére, 
1615-1670: A. G. A. Balz. Some Suggestions towards the Construc- 
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Baruzi, Jean: Saint Jean de la Croix et le probléme de 1’expé- 
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NOTES AND NEWS 


The first International Congress of Religious Psychology, spon- 
sored by the International Society for Religious Psychology, will be 
held at Vienna University, May 26-31, 1931. The most important 
problems of recent religious psychology are to be discussed from 
various viewpoints (educational, experimental, sociological, psychi- 
atric, pathological, theological, occultistic, etc.), the main subject 
being the psychological basis of the religious unbelief of our days. 
Many highly renowned scientists in various countries have promised 
to deliver lectures or read papers at this Congress. 

Opportunities to see the city of Vienna and important institu- 
tions will be provided. For programs, accomodations, and other in- 
formation, send fifty cents in stamps to the President of the Inter- 
national Society for Religious Psychology, Kark Beth, Professor of 
Protestant Theology in the University of Vienna, address, VII. 
Zitterhofergasse 8, Vienna, Austria. 





Professor E. C. Wilm of Colorado College has accepted an ap- 
pointment as Acting Professor of Philosophy at Stanford University 
for the winter and spring quarters of the current academic year. 





